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By William R. Bates
SUMMARY

The aercdynamic characteristics of 19 isolated tall surfaces
have been determined by wind-tunnel tests and tests have also been
made of recteangular airfoils of various aspect ratios with and
without double end plates of various shapes. The data from these
tests have been collected and analyzed,

- The analysis indicated that the slope of the lift curve could
be predicted within 10 percent for all models by use of lifting—
surface~theory equations. The increase in lift—curve slope provided
by tip—located double end plates was shown to be dependent upon the
square root of the area of the end plate divided by the airfoll span.

About three~fourths of the computed values of the elevator lift-—

effectivensss parameters-_é& agree within 10 percent of the measured
values. ' A% :

The hinge-moment paramebters were computed by means of lifting-
surface~theory procedures for commarison with measured values, The
parameters of elevators with cut-outs could not be predicted accurately.
For elevators with no cut-—outs, about 55 percent of the calculated
values for the rate of change of hinge-moment coefficient with angle
of attack ChOL and about 65 .percent of the calculated values for the

rate of change of hinge-moment coefficlent with elevator deflec—
tion Op, are within 10,0010 of the measursd values.
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INTRODUCTION

In order to provide fundemental design data the Naticnal Advisory
Committee for Aeronautics has undertaken the expedient of publishing -
collections of date obtained in specific investigations and, whenever
possible, aralysis of the data. The present paper contains a
collection and enalysis of date that includes 19 tail surfaces tested
in the Tengley 4- by 6-foot vertical tumnel. These tail surfaces are
from complste airplaune models that have been tested for stebility and ’
control characterigtics in the Langley T7- by 10-fcot tunnel. Sore
date from other tunnels (references 1 to 5) are presented for
ccmparisons. In addition, some daeta are presented on tests of
igolated tails cut to varicus spsns and squipped with end plates of
various shagpes.

COEFFICIENTS AND CYMPOLS

Oy, 1ift coefficient ( _L)
gs
cy airfoll section lift cocefficient ( 21%)
: , He ;
che elevator hinge-moment ccefficient 5
@beC,
T i L‘
L force perpendicunlar to relative wind, poszitive when
directed upward
1 airfoil section 1ift
He elevator hinge moment, positive when it tends to deflect
elevator down
. . oV
q dynamic preseure of free air stream —E—
masg density of air st ses level "
v alrspeed
’ -
S horizontal tail area
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elevator aresa

aresa of overhang (balancing surface)

area of end plate
chord of airfoil section

chord of elevator behind hinge axis measured at any
airfolil section

root-mean-square chord of elevator behind hinge axis
average chord of airfoil section

S
average chord of overhang ( "512)
b

average chord of slavator

span of airfoil

elevator span

spen of overhang (balancing surface)
height of end plate

airfoil maximum thickness

b2
agpect ratio { Y

effective aspect ratio
taper ratio; ratio of tip chord to root choxd
angle of attack of finite=-span alrfoil

angle of attack for infinite aspect ratilo

deflection of elevator with respect to airfoil chord line

trailing-edge angle
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Ee effective edgo-velocity factor taken from
reference 6
Ao, elevator lift-effectiveness parameter; effective
A5 change in section engle of atteck por unit
change in slevator deflection
I
I
@ ams
;)
0y, = | —= (for airfoil with end plates)
Cep o 4

=

(o]
mb"

i
Co
AR

@»&3/

The subscripts outside the parenthesis indicete the factors held
congtant durlng messurement of the perameters.
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i

Subecripte:
i front elevator
R rear elevator

APPARATUS AND MODELS

The tests were made in the Langley 4= by 6-foot vertical tunnel
described in reference 7. The test section of this tunnel has been
converted from the original open, circular, S5-foot-diameter jet to a
closed, vectangular, L- by 6-foot throet (re erence 8).

The models were constructed of laminated mahogeny. Varlous
geometric characteristics of the models are given in tables I to IV.
Detail drawings of all models are given in figuves 1 to 19. Model 2
was tested with the slot open and filled (sse fig. 2); model 8 was
equipped with a double flep; models 18 and 19 were tested with and
without circular and elliptical énd plates. The spens of models 18
and 19 were varied, as shown in figures 18 and 19, in order to vary
the aspect ratio.

Unnecessary holes in the surfaces of all the models were Ffilled
to form smooth surfaces. Tor soue tests the geps at the noses of the
elevators were filled with modeling clay end faired to the airfoil
contour. For tests in which hinge moments were read the gap was
filled with grease. For elevator-~free tests the elevator wes .
statically balenced. The trailing-edge angles were measured from the
models with a vernier protractor. Model 17 was tested ag a complete
tail assembly mounted on a dwmmy fuselage with No. 60 Qarborundum '
grains located at the 0.17c station over the entire stebilizer span.
Except for models 10 and 11, which were equipped with sealed internal
balances, the models had plain elevators or elevators with plain
overhang balances.

Figure 20 shows the regular setup of the electrical strain-gege

unit with which the hinge moments were read; figure 21 gives a sketch
of the tare setup.

TESTS AND METHODS

Mogt of the tests wore made at a dynamic pressure of 13 pounds per
square foot, which corresponds to an elr velocity of about 72 miles per
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hour at standard sea-level conditicns. Models 18 and 19 were tested
at a dynamic pressure of 15 pounds per squsare foot, which corresponds
to en alr velocity of sbout 76 miles per hour at standsrd sea-level
conditions. The Reynolds numbers for the tests of the various models
veried from 144,000 to 292,000. The effective Reynolds numbers (for
meximum 1ift coefficients) varied from 278,000 to 653,000 based on &
turbulence factor of 1.93 for the Langley 4- by 6-foot vertical
tunnel.

For each model, tests were made by varying the engle of attack
with several fixed elevator settings.

The 1lift data have been corrected for teres caused bty the model
support strut and fork. In order to find the effect of the strut
and fork, tests were ruh with and without a dumy strut end fork
in place. TFor model 17 a dunmy fuselege was mounted on the fork
and tested. Jet-boundary corrections were applied to lift and
engle of attack (table I). fThe corrections to hinge moment were
very small and therefore were not applied.

The following elevator-gep conditions of the models were tested
both for elevator cut-out open end filled: unsealed, sealed with
grease, and sealed and faired to airfoil contour with modeling cley.

RESULTS AND DISCUSSION

Lift and hinge-moment characteristice of medels 1 to 17 arc
presented in figures 22 to 38, respectively, as plots of 1lift
coefficient and elevator hinge-moment ccefficient against angle
of attack for various elevator deflections. Lift characteristics
of models 18 and 19 are presented in figures 39 end 40, respectively.
The aerodynsmic paremeters of the models are given in table V.

Lift of Models without End Plates

An equation, based on lifting-surface theory (reference 9),
for the lift-curve slope is
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where E, 1s an effective edge-velocity corrsction factor which is

given in reference 6. For the theoretical section lift-curve

2
sloye, 1y = 57f3, the following equation is obtained:

A
Cy = 0.1095 —— 2
La &5 AEe + 2 (2)

Theoretical values were computed by equaticn (2) and compared
with experimental data in figuve 41. The date scatter ccnsiderebly
end arec below the theoretical curve. A curve representing the
average of the expesrimental values corresponds approximately to
oquation (2) with tle constant changed to 0.090 or

0, =0.090 —2=

o AR, + 2 (3)

Because equation (3) does not account for any verietion in the value
of the lift-curve slope an attempt has been mede to determine hew
much of the scatter on figure Ll can be eliminated by estimating

the velue of czm for each specific model. The effects of trailing-

edge angle, airfoil-section thickness, gep size, and gep location
were considered. The velues of oy for a given section is expressed
a

empirically as follows

c c
lg, 1 )
61 ( OEanp open ( %ealed

= CZ : )
¥ % (?Zv,z,,ap seated (‘9baires

where c3 is read from figure 42, which shows the effect of airfoil
. %

thickness and trailing-edge angle on section lift-curve slope. In

preparing figure 42 dete was taken frcm references 10 to 1k, and the

slope cz06 was plotted against ¢ for various constent thickness
o) de

ratios +t/c. The average value of - ‘e getermined was 0.0006.
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This value was used in correcting c, to zero trailing-edgze angle.
_ Ay -
The curves at the other values of ¢ (fig. 42) were cbtained by
dc

subtractirg an increment equal to @ ¢ from the curve for ¢ = 0°.

Data obtained from references 15 and 16 are presented in a plot
()
%ep open

¢
ap sealed

the NACA 0009 and NACA CC15 airfoile in Ffigure 43. These curves

agaeinet broek locaticn for various gep sizes for

fc )
1
show that ,——82R PSR ascreases as the gep is moved toward the

(_ ke.p sealed

Jeading edge of the airfoil until it reaches & position of about €.50c¢.
The gap sizes range from 0.00lc to 0.010c¢c and the data indicate a

c
()
decrease in /gap open

~ as the gep size increazges.
Z‘?‘Lap seeled

c
Z
Figure Lk presents a plot of E?.%Leg azairst break location

aired (cz )’
giving the effect of the breek in the airfoll contovr on ealed,
aired

The nose shepe of the balance had very little effect on the lift-
curve slope.

Equation (1) may be rewritten as follows

g (L)
257 E +___'.. _3'9& )
T A

(V3]
G

C
which may be represented by a single curve of __L_@ plotted
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against EA"' provided that the second-crder effects of variations

in clm onafhe values of Ee correspoﬁding to a given value of 3%;
are neglected. For determining values of E_, & consfant value
of czoc = 0.10 wvas assumed. Varying cla produced such a small
chargs in Ee that 1t was neglected. c

A comperiscn of theoretical and experimental values of ja-
plotted against -g%; is given in figure 45. The scatter of poghts

is somewhat less than that in figure 41. A curve representing the
average of the test points 1s slightly below the theoretical curve.
The date considered herein therefore indicate that the theoretical
values of E, arg too small.

The lift-curve slopes for finite-aspect ratios were computed by
usge of equation (l) so thet a comparison could be made between computed
and measured values. This ccmpariscn is presented in figure 46 and
shows that all values could te computed within 10 percent of the
measured values.

Lift of Airfoils with End Plates

In determining the effects of tip-located double end plates on
the airfoil lift-curve slope, data from the present testsy from
references 17 to 20, and from unpublished sources were collected and
anelyzed.

Attempts were made to correlate the end plate effect, given

C . : * BT
as 2. or as _ Lagp, with such ratios as %% EEE, end ep.

A O | | s o
The best correlation was obtained when —éj~ was plotted against D:P.
The relation obtained and equeticn (k) ﬁire used. to construct
- ¢,
figure 47. By use of the curves in figure 47, values of ___6p
. .- CLaCLa
were calculated and plotted against measured values of -E;93-
Ly,

in figure 48.
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Elevator Effectiveness
The 11ft effectivensss f%%- was estimated by use of deta in

references 21, 22, 23, and the present paper. The follovwing
empiricel. equation was used

D

A8, b
Le <9E . N Arith overhang ©_ 2 with cut--out
iain sealed D

A \A QQQA

Aéélain sealed (&5 without cut-out

Figure 49, which presents the variation of ﬁ?i with gﬂ fer various
&

tralling-edge angles, was derived from figures 16 and 17 of reference 22.
The effect of the overhang was cbtained from flgure 26 of reference 22.
The effect of the elevator cut-out was obtained from a correlation

(fig. 50) of data from the present paper.

The measured values of fﬁ%— are plotted apceinst the calculated
3

values in figure 51. About three~fourths of the computed values agree
within 10 percent of ‘the measured values.

Elevetcr HEinge Mowents

The hinge-moment parameters were calculated according to lifting-
surface theory by the method developed in reference 9 for use cn a
wing of elliptical plen form. The section values for the plain flap
ueed in the ccmputations were obtained from reference 22. The balance
effect also found in reference 22 was added to the plain-flap values
which had been corrected for aspect ratio. The effect of the horn
balance was obtained from reference 4. The measured values of hinge-
moment paremeters are plotted against the caleuwlated values in

figures 52 to 55.

No attempt was made in the calculations to sccount for the
effects of cut-outs, because accurate estimates of the values of
the section parameters in the regions of the cut-outs could not be
made. With cut-outs open, the agreement between measured and
celculated values was poor; the measured values generally are
considerably less negative than the calculated values: Better
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agreement was obtained when the elevator cut-outs were filled. For
this conditicn ebout 55 percent of the calculated values of Chq

and about 65 percent of the calculated values of Cha are

within 10.0010 of the messured values.
CONCLUSIONS

From an analysis of test deta on 19 isolated tail surfaces the
following conclusions may be drewn:

1. Ths slope of the lift curve was predicted within 10 percent
for all the models by use of the lifting-surface-theory equations.

2. The increase in lift-curve slope provided by tip-located
double end plates was shown to be dependent npon the square root of
the area of the end plate divided by the airfoil span.

3. TFor computed values of the elevator lift-cffectiveness
parameters fﬁ? about three=-fourths éf the points agree within

10 percent of the measgured values.

. The hinge-moment parameters of elevators with cut-outs could
not be predicted accurately. TFor elevators with no cut-outs, about
55 percent of the calculated values of the rate of change of hinge-
moment coefficient with angle of attack cha and about 65 percent

of the caloculated values of the rate of change of hinge-moment
coefficient with flap deflection Ch5 are within %0.0010

of the measured values.

Lengley Memorial Aeronautical Laboratoryl
Naticnal Advisory Committee for Aeronauvtics
Lengley Field, Va., February 19, 1946
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TABIE I.—INFORMATION REGARDING THREE-DIMENSIONAL-FLOW MODELS TESTED IN LANGIEY 4- BY 6-FOOT VERTICAL TUNNEL
frurbulence factor,1.93
Conr: tions added
Model| Data Test Aspect ratio Se/s Sp/Se igcte gtsd:tae
and on Plan form Balance section Alrfoil Average {Reynolds A
rigure[Tigure section gap nunber Open |Filled Ofen Filled Ofen Filled . Open Filled
a) | () | (| (a) | ta) | () {a) )
22 ! N 0045 | 2 0 {E111pts M . o. . 200 |------ Ba=1.38UCy, | Aa=1.4BYCy
1 Q Bd>— ACA 0009 | 0.0045 | 255,000 |E11iptical | 3.%5 | 3.27 342 0.376 | 0.200 8002039, | dorro oak:
2 | 23 D Clerk ¥ 0038 | 259,000 | 0.438 | 3.M1 |-——-- \336 | ~-m- - 203 |-mmnn- 2a=1.1280y, | ~-------
== ACy<0,080Gy,} ~- =~~~
~ ‘ Redius ___|2e=1.38%c1, | Aa=1.4820y,
3 24 % B%::>- NACA 0009 -003% | 280,000 |Elliptical | 3.65 | 3.42 | 55| .89 | “nose |-====~|r0ia0.0326, | Acp=0.0300r
I _ Radius Ba=1,6480;, | o=l .T180;,
é i | fFe—— | macaoo09 | .0015| 292,000 |E11ipticer | 3.50 | 3.39 | .2a7| .omy |ROMus} 1,
1 25 :g% RACA 0009 .0013 | 292,000 |Elliptical | 3.50 | 3.39 [ .207| .24 | “nome 20;0.0310;,| 405.=0.029C;,
5 26 : ch- NACA 0009, L0045 | 233,000 .365 | %.22 | %.0% | .308] .339 | .202 | 0.185 |Aw=0.89%Cy | Ax=0.9500L
| sharp nose 4Cy=0.084C; | ACy=0.0M10y,
6 27 : D mACA 0011-64|  .0108 | 188,000 377 | 5.55 {-~me- 299 —----| .329 |-—-—-- 8a=0.8720y, | ~= == ="~
ACL-O.OllGCL --------
7 28 _ i a WACA 0012-64|  .0025 | 186,000 A6 | 5.20 {-eenn R0 Y [ 373 f----—- 82=0.8910y, |-~ ~m ==
ACy#0.051C [~ - - -- - - -
by Praas Aa=0.8920y, | 27"
8 29 }:( NACA 0012-6%]  ,004E | 186,000 b6 5420 e} o B Pl CEEEES -8910r, | .
. 237 .351 AC7=0.051Cy,| ~ - - - - -~
Root

0 /I D Ty ‘y-68] 0058 | 259,000 .52 4. B2 331] 3% | 32w feo--—- Ba1.200y, | Sa=1.24Cy,

9 | 3 _ﬂ_ C‘:’> maca 0013 58 | 259, 525 3 9 | .33} .35 3 80170 ..0310y, | AG1=0,030Cy,
. NACA 0010,5-64

20pen and filled refer to rudder cut-out condition, see cross-hatched areas in plan forms,
Refers to forward elevator.
CRefers to rear elevator.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE T.~ INFORMATION REGARDING THREE-DIMENSIONAL-FLOW MODELS TESTED YN LANGLEY 4~ BY 6-FOOT VERTICAL TUNNEL — Concluded

5\

91

1,
Model. | Data Teat Aspect ratio Se/3 Sp/3e corzgc:e gréad:dtged
and on Plan form Balance sectlon Airfoil Average |Reynolds A
figure [figure section gap nunber O?en Filled | Open| Filled | Open |Filled Open Filled
A | (a) | (el (=) | (&) | (o) te) @)
1 "eaeh 89 | & Baml 1850y, | --- =
0 3 L chTi!s): -015 | Bealea | 212,000 0.589 I - 3 [ 0.272] - -ene0.272 |--vwom | o 0.08207, | ——mm - mev
NWACA 6522-012
C"’"‘ Root
11 32 _ ! chssﬁg.)-dus,s Sealed | 223,000 559 | 5.6 | amceccf 274 | ccman- 268 foeeeon ::.LWG%'G ........
. w0.036C, § ~vmcman -
M WACA 65-27012 170036y,
122 | 33 NACA 0012,6-64 | 0.0165 | 228,000 a67 | v | w67 | .360|0.373 | .28 | 0,065 | Aev1.3860r, | da=1.k26Cy
Ay =0,037Cy, | 401,=0.037Cy,
- Root, -
13 34 {I NACA 66,27015 0013 | 167,000 587 | B.26 | ~———- 28 | --m e 132 | e A=l 0970y, | =
- - - TiD A0y =0 .0480, | -~ - ~-
NACA 66,2-009
14 35 i D NACA 0009 L0018 | 2%2,000 500 | 3.80 | 3.26 | .eta] .302 | .302 ,262 | 60=0.93201, | Ax=0,976C;,
ACT.=0.080Cy, | A01,-0.038C1L
Root
15 ) 36 T K(;‘lf> mcA 00i5-63 | 0096 | 208,000 656 | 353 | coome| 337 |oceon U R (E— ~ | dmm0 73505, |----- - -
P =0,0510z, | == ~=~~-=
WAcA 0808-63 | A0pm0-03101
16 | 37 ' & NACA 0015 .0065 | 198,000 -CL RN O T [ 2L [acm | e el 8040 820y, |-~ ----o-
A0 =0,0680y, | ==~ == -
17 38 S MAGA 66-009 L00%E | 194,000 500 | %.65 | ----on 265 |-~ 480 |-~ 8a=0.9110y, | ==—==-- -
Ay =0,0520L, | =—= === |
( ! e s | by TTmoTEeT
18 39 ; NACA 8% 146,000 1.000 to [T o T e e e
6,03
586 PRI [
19 %0 M MACA 0009 |+ .-~ -~ 18%,000 1.000 6 tg e s R BRIt A ettt el otrd (DRI
20!
20pen and £illed rafer to rudder cut out condition, see cross-hatched areas in plan forms
. NATIONAL ADVISORY

COMMITTEY. FOR AERONAUTICS
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x + * &
TABLE TI.- GEOMETRIC CHARACTERISTICS OF THE ISOLATED HORIZONTAL TAILS
E‘:Llled in indicates that the elevator cut-out has been filled
and faired to airfoil contour)
Model 1 2 3 3 5 9 10 1) 12 13 14 15 16 17
Total area, sq ft 1.884 | 1,920 |2.400f 2,500} 1.68% 2.163 [1.825] 2.15 | 2,062 [1.80 | 1.672| 1.315 |0.988 | 1.%7
Total area (filled in), sq ft 2,986 | -~--- 2.560 | 2,500 1.758 2,237 |—-=—|---~-12,015 f -----] 1. ML} ----- }---—~| —---=
Flevator area behind hinge, sq £t 0.645 { 0.645 11.090| 0.543) 0.525 0.716 j0.49610.590 |0.74%1 |0.507} 0.457 | 0434 J0.287 | 0.39
‘Elevator ares behind hinge (filled in), sq ft| 0,747 |----- |1.250| 0.633} 0.595 0.790 |----- -----10.788 | ~---- 0.526 | ~-=-~f—-mre| —o- -~
Span of complete tail, ft 2,55 | 2.56 [2.96 | 2,96 | 2.667 3.08 |2.9% | 3.33}3.1% {2,78 | 3.380]2.44 (2,05 | 2,61
Span of elevators, ft 2.55 | 2.56 12.79 | 2.76 | 2.550 3.08 [2.64 | 3.07]2.99 {2.6% | 1.990 | 2.28% }1.8% | 2.60
Span of elevators {filled in), ft 2.55 ——-—= 12,96 | 2,96 | 2,650 [-~-m-f-womu |cnenn 3.08 |----- -----13.13 |----- 1,990 |-—= -~ |-~~~ =r] ==~ —
Aspect ratio 3.45 3.41 |3.65 {3.50 | k.22 |5.55 [5.21 |5.20 [%.39 (4,73 | 5.16 {4.78 [4.26 | 3.40 } .53 |s5.21 k. 65
Aspect ratio (filled in) 3.27 | ~----|3.42 | 3.39 | .08 |-emee] —com]mmns 3,25 |-oeodemeem 2,67 |----- 3.26 |----~ R
S, 1t - 0.278 | 0,264 |o.ko7| 0.197 | 0.217 [0.172 {0,169 |-~--- 0.287 10.197/0.198 |0.249 |0.191} 0.241 | 0.199 |-----~ 0.165
ce' (filled in), £t 0.302 | -~-~-}0.439} 0,220} 0,231 |~----{---- - 0,258 {-----l-----~{0.252 |----- 0,266 |----~|-———-|-—-—~
Stabilizer average chord, ft 0.436 | 0,437 |-----| -----1 0.395 |0.308 {0.335 |--—-~ 0.395 [0.4%07|0.%21 [0.356 |0.442] 0.301 | 0.293 |----- 0.342
Tail average chord, ft 0.739 | 0.751 [0.812] 0.847] 0.633 |0.511 | 0.537 |0.540 | 0.702 |0.621|0.6%5 |0.656 |0.648] 0.702 ] 0.562 |0.481 | 0.563
Pail average chord (filled in), £t 0.778 | ~—-- {0.864] 0,878 0.660 | ---—~| ---- - 0.724% |-—-m|---~- 0.67% [~~--~ 0.732}----- ke Bk
Tefc 0.376 | 0.336 |0.482| 0.233| 0.325 |0.326 | 0.298 |-----|0.438 0.299/0.298 | 0.480 [0.296] 0.326 | 0.345 [0.324 | 0,267
Te/S (filled in) 0.388 | ~~--- |0.489| 0.24% 0,339 |-—---{—~=-= |--=-- 0458 - —nc]mm - 0.472 [~m—m- 0.360 j---~- s T -
Total elevator area, sq ft 0.774 | 0.776 |~==--]| —---- 0.631 {0.576 {0,560 }-———~ 0.9%8 0.631(0,748 [ 0,944 [0.57%{ 0.595 { 0.599 |---—- 0.577
Total elevator area (filled in), sq £t 0.876 | —-=—-|~~~n- —-—===10,705 |-=-===] —=--- e =] 2,022 |—-m e —- - 0.99T |~-~-— 0.664 | —~n o me | ————
Flevator average chord, ft 0.253 | 0.252 {0,392 0,197 0.206 |0.166 {0.160 [-----] 0,307 |0.186{0.292 | 0.315 |0.192| 0,229 | 0.19% |0.156 | ©0.150
Elevator average chord (filled in), ft 0,293 |-=-~~ 0.422] 0.214 | 0,228 |~conc]oacan |—-ann 0.331 |-—=--]----- 0.318 | -—-—- 0,268 [ —---—j--==| —-—~=
3tabilizer area, sq £t 1,230 | 1128 [---we] —onue 1.053 |0.877 |0,938 |~---- 1,215 {1.19% 1.%0 |1.118 [1.226{ 1.077] 0,726 |----- 0.893
Tip section chord (theoreticsl),ft | -~—-~- 0,500 |-----]----- 0.3%9 l0.283 | 0,335 ]0.335 | 0.515 |o.4720.471 |0.437 |0.480| 0.507 | 0.431 [0.383 | 0.349
Root section chord, ft 2.042 | 1,130 |1.059] 1,063} 0.959 |0.751 | 0.75% {0,751 | 0.981 |0.B00|0.844 |0.935 [0.818]| 1.01 | 0.668 [0.586 | 0.955
Area of balance, sq ft 0.129 | 0,131 |-~-~-f~---- 0.106 {0.143 |0.152 |---~- 0.232 [0.135{0.158 {0,203 |0.067] 0,138 { 0,155 |-~~~~ 0.187
Area of balance (filled im), sq £t 0,229 | ~=m=u fommnm et N8 b1 EEPEE EEEEEY BEEE 0.232 {----- ---==-10.209 |-----] 0,138 |---~= }--- -] —cmvn
Average chord of balance, £t 0.0506| 0.0512]-~--- -----| 0,0431|0,0608 0,0597|-- - -~ 0.0754% |0.051] 0.051 | 0.0679] 0.026{ 0.0684 0.068 {----- 0.072
Average chord of balance (filled in), f't 0.0506|—--—- |--—-- -—---} 0,048}~ |--~-- f-—--- 0.075% ---~~-10,0665|——--- 0.,0689 --—-—|[-----| ———-
Cp/Be 0.182 | 0.203 |--—--f----- 0.209 }0.365 [0.373 |-----| 0.242 |0.274] 0.266 | 0.27% | 0.237] 0.301] 0.351 |-~--- 0.48
b/Ce (filled in) 0.268 | —=--- s RO 0,191 |-----}-=-e-|---- 0.224 f[---aef----- 0,263 [-~--- 0.261 | —--—-|~--==-] -~=--—
Area of horn balance, sq £t 0,017 [~=—-=|--—-lww—m} —mmmr | n | - Eabdindeall el R kbl [l memmm ] e e ———e] mee- -
Trailing-edge angle, deg 10 1h 20 20 |10.5 | 217.5] 20 16 12 15 | 15.0 {1%,75 { 20.75| 11.75§ 1%.75 {15.0 | 12.75

SComplete data found in Table ITI,
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NACA TN No. 1291

TABLE III.- GEOMETRIC CHARACTERISTICS OF
HORIZONTAI. TAIL 8

Area of tell, sg ft . . . &+ ¢ ¢ ¢ ¢« ¢ ¢ « « 1.50
Area of forward elevator, sq £t . . . . . . 0,667
Area of rear elevator, sg ft . ... . . . 0.356
SPan of t8iL, £t . 4 4 4 b 4 e 0 e 0 0. . 279
Span of forward elevator, ft . . . . .. . 2,55
Span of rear elevator, ft . . « « « « « « +» 2,52
Aspect ratio of ta&all ., . ¢« &+ ¢ ¢ ¢ ¢ ¢ o o 5.2
Aspect ratio of forward elevator ., . . . . 6.5
Aspect ratio of rear elevator ., ., . . . . . 17.9
Average chord of teil, ft . . . . . . . . . 0,54
Average chord of forward elevator, ft . . . 0,262
Average chord of rear elevator, ft+ . . . . 0,141
Area of rear-elevator balance, sq ft ., . . 0,125
Average chord of rear-elevator balance, ft. 0.0496
Average trailing-edge angle, deg . . . . . 16
Ce'p, Ft v v v i i i e e i e e e e e .. . 0,1U65
R O J¥=1
EéE/aéR . C e e e e e e e . 1,8
EbR/EER € ¢ 4 e e s e s s s s s e s e e e s 0.352
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NACA TN No. 1291

TABLE IV.— GEOMETRIC CEARACTERISTICS OF AIRFOILS 18 AND 19

End Avea, Aspect Corrections added to test data
Model plate Span (sq in.) ratio Tip
Aa ACL
Airfoil 18
s None 30.11 150,38 6.03 Faired 0.5670;, 0.0T4Cy,
b None 29,00 145.00 5.80 | Rectangular .537Cy, 0760y,
c ) 29.00 145.00 5.80 ‘| ----do---- .5370;, .076Cy,
a D | 29.00 145,00 5.80 | ----do—-- .5370;, 076,
e @ 29,00 145,00 5.00 ----do-—-- .53704, .0760y,
£ None 23,61 117.88 k73 Faired .3880;, 0810y,
g None 22,50 112,50 4,50 Rectangular . 3610L .085Cy,
h ) 22,50 112,50 5,50 | ~~--do~nan .3610y, .0850,
1 @ 22,50 112,50 4,50 --=-do--o= .3610y, .0850y,
] @ 22.50 112,50 k.50 ----don==~ 36105, 0850y,
x None 16,11 80,38 3.23 Faired .2190;, ,11907,
m None 15.00 75.00 3,00 Rectangular} .195CT .1280y,
n @ 15.00 75.00 3.00 | ~e--do---- .199%;, .1280y,
P D | .00 75.00 3.00 | --n-dow--= .2990;, .1280;,
q @ 15.00 75.00 3.00 ----do---- +1990y, .12801,
r None 8.59 42,88 1.72 Feired .0930z, .2210p,
s None 7.50 37.50 1.50 * | Rectangular 07807, 2560,
% @ 7.50 37.50 1.50 ---do---- 0780, .25607,
u 7.50 37.50 1.50 ====3o--=~ L0780y, .256CT,
v ( 7.50 37.50 1.50° | ----do---~ .0780r, .2560y,
Alrfoil 19

a None 36,00 215,42 6.00 Elliptical 0.96101, 0.04501,
b None 26,57 155,52 5.86 - - wdommn- .5560y, .06207,
c @ 26,57 155,52 5.86 . LT 5560y, .06207,
4 @ 26,57 155,52 5.86 1 -~--do---- 55601, 0620y,
e @ 26.57 155.52 5.86 ----do---~ .5560, .'osecL
£ None 23,18 148.61 6.4 Rectangular 49307, 06501,
g None 16,57 91.15 5.51 Elliptical .25407, . 166CL
h ) 16.57 91.15 5.51 | ----do---- .25%0;, \1660;,
$ D | 657 91.15 551 | ----do-m-- 2540y, .16607,
J @ 16.57 91.15 5.51 ----do---- -2skoy, .1660y,
k None 13.75 88.27 6.41 Rectangular .280C1, 14301,
m None 3.75 24,05 6.41 -=-=d0- -~ Ne2tie 39901,
n @ 3.75 24,05 .41 . L .oblicy +39901,
P D 3.75 24,05 6.41 S P .ollicy, .3950L,

3.75 24,05 6.1 ER. 1. Ny , JOllicy, 3990y,
r None | 12.82 67.25 5.23 Fllipticel .2320y, 11090y,
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NACA TN No. 1291

TABLE V.~ PARAMETER VALUES OF ISOLATED HORIZONTAL TAIL SURFACES

Model

C.
Iy

cLa

Elevator

g8p open

Elevator gap sesled

Grease

Modeling clay]

Elevator

EAD Ohen

Elevator gap sealed

Graaze

Modeling clay|

Cut-out £illed

Cut-out open

Cut-out filled

Qut-out open{

Cut-out open

Cut-ocut filled

iCut-out open

Cut-out fille

Cut-out open

Cut-out open

10

11

12

13

1%

1%

15

16

16

17

0.052
054
056
058
056
052

© 052

053

054

0.052
052
052
057

<059

055

.055
.053
b o6k

.05h

0.055
057
057
059
061
061

061

0.055
056
<056

b 065
060

0.055
055
056
060

061

0.030

039

038

030

0.025
030
030
.023
029

027
029
.03%
029
032
032

031

0.031
037
028
03
.028
040
027

0.030
033
029

026

bon

<037

nxntma.l ‘balance.
bEnd plates on,
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TABLE V- PARAMETER VALUES OF ISOLATED HORIZONTAL TAIL SURFACES — Concluded

Model

Elevator gep open

Elevatcr gap open

Cut-out filled

10

11

12

13

14

15

16

17

Chy
Elevator gap sealed
Grease
Cut-out filled| Cut-out open|Cut-out f£illed|Cut-out open
-0,0020 -0.0022 -0.0012 -0.0020
—————- ~0010 | —————- -.0008. '

-.0028 ~.0005 -.0028 ~.0007
.0002 .0007 —.0002 .0001
-.0027 -0020 | ~-—--- -.0022
.0015 -———- 0012 | ------

0024 | o .0005 [ —

006 | -——-—-- —.oos;l ——————
~-.001% =0009 | ——---w- [
R e T -.0008
__________________ -.0010
~.,0022 - 0020 ~-.0008 —.0011

0006 —————— e | mmm
-.0022 -.0013 -.0016 ~0009
~0008 | e — - -.0006 R

Ko - el TR PR [P ———

~0.007%

-.0022
~.0006
-.00%1
-.0048

~-.0050
—‘_.0057
—.0065
-.0024

Chg 4a/8p
Elevator gap sealed Elevator gap sealed
Groage Elevator gap open Groase
Cut-out open Cut-out filled|Cut-out openiCut-out £illed Cut-out opefi| Cut-out £illed]Cut-out open
-0.0053 ~0.0052 -0,0045 -0.62 ~0.48 -0.65 ~0.60
—.0063 | ~---a- -.0042 —_————- -5 | —-==- -.60
—.0048 —-.0079 -.0066 -.73 —~.54 -.72 ~.58
- ,0057 —.0062 -.0059 -.46 -2 —.50 -6
-.0065 | --~—-— e -.60 =52 | —---- ~-.52
—————— -.0032 —————- —.56 ————— -.18 ———m
—————— -0010 ————— -.45 _———— ~.5% -~ ——
———rem ] e | e - ~38 | -~ - ——— [ R,
-.0038 { —---—~— ————- ~.59 ~53 | ————- ————
———————————— -.0058 ———— ————— _————— &_.55
___________ - -.0059 S [ —————— B_.55
~,0050 -.0039 -.003% -60 ~.61 —~56 —-.54
—————————————————— —55 —— = —— - ~-.58
b b
-.00%0 —-.0061 -.0032 =53 -.50 —-.51 —51
o | mmm s |t ~55 -—--= ~60 | -----
—————————————————— =53 —_————— -.61 —-————
—————— —————— —_——— .54 ————— —_———— -~

2Internal balance,

b
End plates on.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

166T "ON NI VOVN

12




Horn halrnoe

Section C-C

= 4
o 0

.61 1.70
3.11 2,54
5.05 2,70

e

3 1./8v

.oo4a~||~ e—.3 754—-'

Seerion -C

12.00" | l X
. 1 ]
— A ST 4 N
o 4005 ;
6.00"——— . Section A-A H
|
Section A-A Seation B-B
x Yy x b4
18  (peroent ¢)(vercent oll.
o
o 0
1.25 1,42
25 1496
5,0 2,67
7.5 3.15
10 3.5 §
) 15 4400
20 430 &
25 4ok A
LySN7] » l’pg 2.;(5) iy
s Hinge ling - 50 .57
1 .55 60.0 3.42 _ 1
57.3
57.6 «82
58.3 1,34
59.4 1.95
ai | i%
L/ - 2
360 62.1 2.82 g
6344 297 & | & 1.97
€5.1 297 § | 9% 1.095
70 2,75 95 .60
g0 197 E 100 .10
2. 50" 5 --!4-—2.50' gg 60
15.5" | A 100 10

Figure 1.- Plan form of horizontal tail 1.
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Figure 2.- Plan form of horizontal tail 2.
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Figure 9.~ Plan form of horizontal tail 9.
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Figure 10.- Plan form of horizontal tail 10.
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Figure 11.~ Plan form of horizontal tail 11.
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Figure 12.- Plan form of horizontal tail 12,
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Fig. 17 NACA TN No. 1291
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Figure 20.-

Lower surface of model showing hinge-moment measuring

device and position of mounting strut and fork. (Tail 5.)
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Flgure 21.- Views of test section of Langley 4- by 6-foot vertical tunnel with isolated
~ tail in place. Dummy fork and strut in place for tare tests.
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Fig. 22a NACA TN No. 1291
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Figure 22.- Lift and hinge-moment characteristics of horizontal tail 1.



NACA TN No. 1291 Fig. 22a conc.
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Fig. 22b ' NACA TN No. 1291
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Fig. 22¢ NACA TN No. 1291
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NACA TN No. 1291 Fig. 22¢c conc.
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Fig. 224 NACA TN No. 1291
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Fig. 23a NACA TN No. 1291

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

g
N (//-2))
xtiamn
6}_ VP//;;/OL‘_‘R\I M
PiA PSRN
4 AN AT,
L //ﬁ/! Vv i
G A A, e'_’/_,:/a;:.;’_ﬁ
N A
N A i - S ARV
S0 L1 S
I /’/J/ /] Z Iy -///éi'(deg) N
X ANy LA A
S L VINAZA Y S a jo |
O , L/ A /A /’//Q/ 5
G = 7 4 4 ” B ]
AN 4 VA i /Z] > 2 |
~ -6 /;/ /}" 7}‘;;/ (/K //;ﬁ o 0 ||
v {,/{/K/A%ﬂ/e(/% : -0 O Fleyalor locked
—53‘&L"; ,/)' /M D//ﬁf/y/ﬂ% z “CE
) - ) /Z/Pf/ //L// 7. [ NE) L
10 ;»A/I)é/ﬂ%/ l/r&ﬁ 4 '/0 —
N o v 45 |
(%f <25 |
_A |

20 -6 42 8 4 0 4 8 12 )6
Angle of atiack, os , geg

(2) Elevator gap open and slot filled.
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NACA TN No. 1291 Fig. 23a conc.
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Fig. 23b NACA TN No. 1291
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Fig. 23c ' NACA TN No. 1291
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(2) Elevator gap opemn.

Figure 27.- Lift and hinge-moment characteristics of horizontal tail 6.
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Figure 28.- Lift and hinge-moment characteristics of horizontal tail 7.
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Figure 31.- Lift and hinge-moment characteristics of horizontal tail 10.
Elevator gap sealed with grease.
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Figure 34.- Lift and hinge-moment characteristics of horizontal tail 13.
_Elevator gap sealed with grease.
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Figure 35.- Lift and hinge-moment characteristics of horizontal tail 14.
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Figure 36.- Lift and hinge-moment characteristics of tail 15.
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Figure 37.- Lift and hinge~-moment characteristics of horizontal tail 16,
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Figure 39.- Continued. Airfoil 18.
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Figure 40.- Continued. Airfoil 19.
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Fig. 561 : NACA TN No. 1291
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Figure 55.- Comparison of measured and calculated values of
Chs . Elevator gap sealed.
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